This study assesses the degree of equity market integration for a selected number of new EU member states among themselves and with the euro zone. Within the framework of a factor model for market returns, we adopt an intuitive measure of integration: the higher the amount of return variance explained by the global factor relative to the local components, the higher the degree of integration.
Introduction
The extent to which international goods and financial markets are integrated is an issue of continuing interest for policymakers and market participants, whether firms, investors, or financial intermediaries. On the one hand, a high degree of economic and financial integration is beneficial since it can foster economic growth, increasing risk sharing and allocating savings more efficiently. On the other hand, however, it may also lead to high cross border economic interdependence and transmission of shocks.
The goal of this paper is to assess the degree of economic and financial integration Aydemir, 2004) . In this paper we focus on the second type of tests.
We study integration between new EU member states and the euro zone across two different periods: the pre-convergence and the convergence periods. Since the new EU member states will eventually join the European monetary union, it is important to monitor the development of the economic and financial links between these countries and the euro zone.
We employ a factor model for market returns which distinguishes between global and local components. Since economic fundamentals are reflected in financial market prices, factor models represent a natural tool to investigate to which extent these fundamentals have been converging over time. Although we express market returns in terms of a factor model, we do not estimate the model itself nor its factor loadings.
This constitutes an adavantage, since it shelters our approach from a joint hypothesis critique: if integration were rejected, this could be due to truly segmented markets or to the misspecification of the factor model. Given the generality of the factor model we employ, rejection of integration must be due to market segmentation rather than incorrect model specification or estimation.
The simple model we consider allows us to adopt an intuitive measure of integration: the higher the amount of return variance explained by the global factor relative to the local components, the higher the degree of integration. Next, we derive a precise relationship between return correlation and the measure of integration: if the correlation between two markets increases, the integration indicator should rise as well.
Return co-dependences are estimated with the "comovement box" methodology introduced by Cappiello, Gérard and Manganelli (2005) . This approach possesses, inter alia, two advantages. First, contrary to standard correlation measures, it is robust to time varying volatility and departure from normality. Second, it offers a simple and intuitive visual measure of integration. The comovement box methodology provides a long term average of the co-dependence between any two financial market returns across two distinct subperiods. fully open-economies, becoming members of a free trade area within the very short time span of 12 years. In parallel, these economies had to evolve through a very quick development and liberalization of their financial markets. Lastly, all these countries went through these changes at a roughly similar pace.
We carry out our analysis on returns on equity market indices. Evidence suggests that the degree of integration of the new EU member states with the euro zone (and in particular with Germany, which we chose as a benchmark for the euro area) has increased in their process towards EU accession. We find that, for the three new EU member states with the largest economies and most developed financial markets, Czech Republic, Hungary and Poland, return comovements between themselves and with Germany increase significantly over the sample period. For the four smaller countries, Cyprus, Estonia, Latvia and Slovenia, we document that the degree of comovements remains low and/or unchanged throughout the sample. This suggests that although all these countries have experienced tremendous development in their financial markets, they exhibit different degrees of integration and different speed of convergence with the euro zone.
The paper is structured as follows. Section 2 provides a brief literature review that leads us to motivate the use of a particular integration indicator. We also derive a relationship between this indicator and correlation measures. In section 3, we explain the empirical methodology. Section 4 contains a brief description of the data and main developments in new EU member state equity markets. In section 5 we discuss the empirical results, while section 6 concludes.
Measuring integration
Consider first a closed economy with an efficient local financial market. In such an economy, firms' cash flows and equity returns depend on local factors only. Consider, in contrast, fully open economies, without barriers to trade and financial transactions.
In such a world local firms' equity returns are a function of not only domestic but also foreign factors. As a consequence, when a country moves from being closed to an open status, the impact of global factors on domestic firms' cash flows should increase.
Therefore the transition to an open economy regime should be accompanied by an increase in comovements in equity prices.
Against this background, we express asset returns in a national market, r it , in terms of a global factor and a number of local factors. Next, we adopt as a measure of integration the share of variance explained by the common factor. In general the higher this share, the higher the degree of integration. If markets are perfectly segmented the variance explained by the global factor is equal to zero. On the other hand, if markets are perfectly integrated, all the local factor loadings will be equal to zero and most of the variation will come from the global factor. 1 It is possible to show that there is a precise relationship between standard correlation measures and our integration indicator. In particular, correlation is proportional to the amount of the total variance explained by the global component. If two markets, i and j, are integrated, the correlation between returns on an asset in market i and j will increase.
The empirical approach
We evaluate correlations adopting the "comovement box" framework developed by θt be the time t θ-quantile of the conditional distribution of r it . Analogously, for r jt , we define q r j θt . For each quantile θ, we estimate a conditional probability p t (θ) that, at time t, the returns on market i are below (or above) its θ-quantile, conditional on the same event occurring in market j.
The characteristics of p t (θ) can be conveniently analysed in what we call the 1 Bekaert and harvey, 1997, investigate the the impact of world factors on emerging market country returns by considering (amongst others) the proportion of the country returns variance due to world factors. The main difference between our approach and theirs is that while Bekaert and Harvey use a switching regime GARCH model to estimate variances and covariances, we use a non-parametric approach to estimate co-movements directly. comovement box (see Figure 1) . The comovement box is a square with unit side, where p t (θ) is plotted against θ. The shape of p t (θ) will generally depend on the characteristics of the joint distribution of the time series returns r it and r jt , and therefore for generic distributions it can be derived only by numerical simulation.
There are, however, three important special cases that do not require any simulation: 1) perfect positive correlation, 2) independence and 3) perfect negative correlation. If two markets are independent, which implies ρ ijt = 0 ∀t, p t (θ) will be piece-wise linear, with slope equal to one, for θ ∈ (0, 0.5), and slope equal to minus one, for θ ∈ (0.5, 1).
When there is perfect positive correlation between r it and r jt (i.e.
is a flat line that takes on unit value. Under this scenario, the two markets essentially reduce to one. The polar case occurs for perfect negative correlation, i.e. ρ ijt = −1 ∀t. In this case p t (θ) is always equal to zero: when the realization of r jt is in the lower tail of its distribution, the realization of r it is always in the upper tail of its own distribution and conversely (for a more formal description of the model see Cappiello,
Gérard and Manganelli, 2005).
This discussion suggests that the shape of p t (θ) provides key insights about the dependence between two asset returns r it and r jt . In general, the higher p t (θ) the higher the codependence between the two time series returns.
While the conditional probabilities of comovements can be used to measure the dependence between different markets, the interest of the researcher often lies in testing whether this dependence has changed over time. Market integration is an important case in point. It is possible to test for changes in integration by evaluating if the conditional probability of comovements between two markets increases, for instance, after institutional changes. In the present application we estimate p t (θ) over two different periods. When the conditional probabilities for these two different periods are plotted in the same graph, differences in the intensity of comovements can be identified directly. In particular, an upward (downward) shift of these curves would be consistent with an increase (decrease) of integration.
The framework of the comovement box can be used to formalize this intuition.
, where B and A denote the number of observations before and after a certain threshold date τ , respectively. We adopt the following working definition of increased integration:
δ (0, 1) measures the area between the average conditional probabilities p A (θ) and
Constructing the comovement box and testing for differences in the probability of comovement requires several steps. First, we estimate the univariate time varying quantiles associated to the return series of interest, using the Conditional Autoregressive Value at Risk (CAViaR) model developed by Engle and Manganelli (2004) .
Second, we construct, for each series and for each quantile, indicator functions which are equal to one if the observed return is lower than this quantile and zero otherwise.
Finally, we regress the θ-quantile indicator variable of returns on market j on the θ-quantile indicator variable of returns on market i, interacted with time dummies which identify periods of greater integration. These regression coefficients will provide a direct estimate of the conditional probabilities of comovements and of their changes across regimes.
Data
The empirical analysis is carried out on returns on equity market indices. All returns are denominated in local currencies. Equity indices include Germany, which constitutes our euro area benchmark, and a selected number of new EU member states, Cyprus, Czech Republic, Estonia, Hungary, Latvia, Poland and Slovenia. 
Developments in equity markets

Empirical Results
We compute the probabilities of comovements over two sample periods. For equities we distinguish between a pre-convergence (before July 1998) and a convergence period (after January 2001). An increase in integration in the second period would be reflected by an upward shift in the probability of comovements. Figure 2 shows the GDP-weighted averages of the estimated comovement probabilities between new EU member states and Germany over the two sub-samples under consideration. In figure 2a , which plots the probability averages relative to all countries, we observe an increase in the probability of comovements during the convergence period. This is consistent with an increase in the degree of integration. Interestingly, before 1998 these markets were virtually independent vis-à-vis Germany, probably because they were relatively new and had weak economic and financial ties with Western Europe and Germany in particular.
Figures 2b and 2c present the breakdown of these average comovements by the economic size of the new member states. Most of the increase in comovements is mainly driven by the large new member states (Czech Republic, Hungary, and Poland) which make 85% of the total GDP in the region. Small new member states, instead, remain independent versus Germany also in the convergence period. This could be explained by institutional factors, the sheer size of the economy, the geographical distance and weak economic linkages with Germany.
These results are confirmed by country-pair analyses, which include 95% confidence bands. As an illustration, figure 3 plots estimated probabilities of comovements for Czech Republic vis-à-vis Germany across the two sub-samples.
Qualitatively similar conclusions can be inferred from Figure 4 , where we analyse the probabilities of comovements among new member states. Figure 4a is supportive of an overall increase in the degree of integration. As before, most of it is due to the increase in comovements of large new member states, while small countries remain virtually independent even during the convergence period. The probabilities of comovements before and during the convergence period for the large countries are much higher than the corresponding probabilities which we observe when comparing Germany versus large new EU member states (see Figure 2b) . The relatively high probabilities of comovements during the pre-convergence period may be explained by economic linkages which go back to the communist era. Country pair analyses once again confirm this outcome. It is particularly striking the case of Hungary and Poland ( Figure 5 ), which suggests a high degree of integration between these two economies.
Formal tests, not reported here, of whether the level of comovements change sig-nificantly between pre-and convergence periods broadly confirm the graphical results.
Summary of results and conclusions
In this paper we evaluate the degree of integration between a selected number of new EU member states and with the euro zone. The analysis is conducted on returns on equity market indices. Evidence suggests that the degree of integration between the new EU member states and with Germany, which we choose as benchmark for the euro area, has increased in their process towards EU accession. A more refined investigation, however, indicates that most of the observed increase in integration was driven by the three new EU member states with the largest economies and most 
